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(54) SUSTAINED-RELEASE PARTICLES 



(57) The present invention discloses sustained re- 
lease particles having a mean particle size of 300 u,m, 
or less, comprising a drug-containing core substance 
coated with a mixed coating of a hydrophobic organic 
compound-water-insoluble polymer, which prevents 
sticking during compression molding when producing 
oral sustained release tablets, a preparation method of 
those sustained release particles, and a preparation 
method of tablets using those sustained release parti- 
cles. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to sustained re- 
lease particles for which, together with dissolution of a 
drug being effectively controlled, there is no occurrence 
of sticking during compression, and a preparation meth- 
od therefor. In addition, the present invention also re- 
lates to a preparation method for tablets using said sus- 
tained release particles. 

BACKGROUND ART 

[0002] An example of a known preparation method of 
an oral sustained release preparation is a method in 
which a drug-containing core substance is coated with 
ethyl cellulose or other water-insoluble polymer. Al- 
though this preparation has high controllability of drug 
release and excellent moisture resistance, humidity re- 
sistance, wear resistance, storage stability and so forth, 
coatings consisting only of water-insoluble polymer gen- 
erally require an extremely large amount of coating to 
control drug release in the case of using for drugs having 
extremely high solubility in water orforfine particles hav- 
ing a mean particle size of 100 u,m or less. In addition, 
in the case of increasing the amount of coating to delay 
the dissolution rate, there is the problem in which a phe- 
nomenon referred to as so-called upper limitation of dis- 
solution occurs in which the drug does not completely 
dissolve. 

[0003] On the other hand, Japanese Patent No. 
2518882 (publication date: July 31, 1996) describes a 
sustained release oral preparation in which pellets of in- 
ert materials are coated with a drug-containing layer, 
and the drug-containing layer is additionally coated with 
a lipophilic compound such as stearic acid and a curing 
agent such as ethyl cellulose. However, since the prep- 
aration described in this patent contains pellets for the 
core substance, the mean particle size is about 1 mm 
or larger. In the case of producing tablets using these 
large particles, disintegration of the particle-coating lay- 
er occurs easily during compression. That makes it dif- 
ficult to control the dissolution of drug, or makes it nec- 
essary to increase the size of the tablets, and these 
shortcomings cause these particles to lack practicality 
as raw material particles for tablet production. 

DISCLOSURE OF THE INVENTION 

[0004] The present invention provides sustained re- 
lease particles that prevent sticking during compression 
when producing oral sustained release tablets, and a 
preparation method and so forth thereof. 
[0005] The inventors of the present invention found 
that, when producing sustained release tablets, if parti- 
cles are used in which a drug-containing core substance 
is coated with a mixed coating of a hydrophobic organic 



compound-water-insoluble polymer, in addition to effec- 
tively controlling the dissolution of drug, sticking during 
compression molding is prevented thereby without add- 
ing a lubricant, and leading to completion of the present 
5 invention. 

[0006] Namely, the present invention relates to sus- 
tained release particles having a mean particle size of 
300 urn, or smaller, comprising a drug-containing core 
substance coated with a mixed coating of a hydrophobic 
10 organic compound-water-insoluble polymer, a prepara- 
tion method of said sustained release particles, and a 
preparation method of tablets by compression using 
said sustained release particles. 
[0007] The following provides a more detailed expla- 
*5 nation of the present invention. 

[0008] Examples of hydrophobic organic compounds 
used in the present invention include higher fatty acids 
having 6 to 22 carbons that may or may not have an 
unsaturated bond, higher alcohols having 6 to 22 car- 
bons that may or may not have an unsaturated bond, 
and glycerin esters of higher fatty acids having 6 to 22 
carbons that may or may not have an unsaturated bond. 
[0009] Examples of higher fatty acids having 6 to 22 
carbons that may or may not have an unsaturated bond 
include stearic acid, capric acid, lauric acid, myristic ac- 
id, palmitic acid, undecanoic acid, caproic acid, caprylic 
acid, arachidic acid, behenic acid, oleic acid, linoleic ac- 
id and linolenic acid. 

[0010] Examples of higher alcohols having 6 to 22 
carbons that may or may not have an unsaturated bond 
include lauryl alcohol, myristyl alcohol, cetyl alcohol, 
stearyl alcohol and undecanol. 

[001 1 ] Examples of glycerin esters of higher fatty ac- 
ids having 6 to 22 carbons that may or may not have an 
unsaturated bond include glycerin esters of the above 
higher fatty acids such as stearin, myristin, palmitin and 
laurin. 

[0012] Of these, higher fatty acids having 6 to 22 car- 
bons that may or may not have an unsaturated bond are 
preferable, and stearic acid is particularly preferable. 
[0013] Not only one types of the above hydrophobic 
organic compounds, but also a mixture of two or more 
types may be used for the hydrophobic organic com- 
pound. 

[0014] In addition, examples of water-insoluble poly- 
mer used in the present invention include water-insolu- 
ble cellulose derivatives, water-insoluble vinyl deriva- 
tives and water-insoluble acrylic polymers. 
[0015] Specific examples of the above water-insolu- 
ble cellulose derivatives include ethyl cellulose and cel- 
lulose acetate. 

[001 6] Specific examples of water-insoluble vinyl de- 
rivatives include polyvinyl acetate and polyvinyl chlo- 
ride. 

[0017] Specific examples of water-insoluble acrylic 
polymers include ethyl acrylate-methyl methacrylate-tri- 
methylammoniumethyl methacrylate chloride copoly- 
mer and methyl methacrylate-ethyl acrylate copolymer. 
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[001 8] Of these, water-insoluble cellulose derivatives 
are preferable, and ethyl cellulose is particularly prefer- 
able, 

[0019] Not only one type of the above water-insoluble 
polymers, but also a mixture of two or more types may 
be used for the water-insoluble polymer. 
[0020] In the mixed coating of a hydrophobic organic 
compound-water-insoluble polymer, hydrophobic or- 
ganic compound and water-insoluble polymer can be 
used by suitably combining each of the above coating 
agents, and mixtures of one type or two or more types 
of hydrophobic organic compounds, or mixtures of one 
type or two or more types of water-insoluble polymers 
can be used in combination. Of these, a preferable com- 
bination is higher fatty acid having 6 to 22 carbons that 
may or may not contain an unsaturated bond and a wa- 
ter-insoluble cellulose derivative, while a particularly 
preferable combination is stearic acid and ethyl cellu- 
lose. 

[0021] In the mixed coating as claimed in the present 
invention, the mixing ratio of hydrophobic organic com- 
pound and water-insoluble polymer and the coating ratio 
of the mixed coating is suitably determined according to 
the effective dose, and so forth, of the drug used. In this 
case, the higher the ratio of hydrophobic organic com- 
pound to water-insoluble polymer in the mixed coating, 
the easier it is to control dissolution time. In addition, the 
greater the coating ratio of the mixed coating to the drug 
containing core substance, the easier it is to control dis- 
solution time. 

[0022] The mixing ratio of hydrophobic organic com- 
pound and water-insoluble polymer in the mixed coating 
is normally within the range of 5:95 to 95:5, and partic- 
ularly preferably within the range of 30:70 to 80:20. 
[0023] In addition, although the coated amount of 
mixed coating fluctuates according to the type and size 
of the core substance, the coating ratio (wt% of mixed 
coating to core substance) should be within the range 
of 20 to 200 wt%, and particularly preferably within the 
range of 40 to 100 wt%. 

[0024] Moreover, various additives may be blended 
into the mixed coating as claimed in the present inven- 
tion, and examples of such additives include colorants, 
opacifiers, plasticizers and lubricants. 
[0025] Examples of colorants include food dyes, lake 
pigment, caramel, carotene, annato, cochenille and iron 
oxide, as well as opaque colorants consisting mainly of 
lake pigment and syrup (OPALUX). Specific examples 
of these colorants include aluminum lake food dyes 
such as red food dye No. 2 and No. 3, yellow dye No. 4 
and No. 5, green dye No. 3, blue dye No. 1 and No. 2 
and violet dye No. 1 , annato (natural pigment originating 
in Bixa orellana), carmine (aluminum carminate), and 
pearl essence (consisting mainly of guanine). 
[0026] Examples of opacifiers include titanium diox- 
ide, precipitated calcium carbonate, calcium hydrogen- 
phosphate and calcium sulfate. 

[0027] Examples of plasticizers include phthalic acid 



derivatives such as ethyl phthalate, dibutyl phthalate 
and butylphthalyl butylglycolate, as well as silicon oil, 
triethyl citrate, triacetin, propylene glycol and polyethyl- 
ene glycol. 

5 [0028] Examples of lubricants include magnesium 
stearate, talc, synthetic magnesium silicate and finely 
particulate silicon oxide. 

[0029] The added amounts and addition timing of 
these additives are suitably selected on the basis of in- 
fo formation conventionally used in the field of pharmaceu- 
tical technology. 

[0030] The sustained release particles of the present 
invention can be easily produced by spray-coating with 
( a coating solution, consisting of a hydrophobic organic 

15 compound and a water-insoluble polymer dissolved in 
a solvent, onto a drug-containing core substance. 
[0031 ] The solvent of the coating solution may be any 
solvent that dissolves both the above hydrophobic or- 
ganic compound and water-insoluble polymer, exam- 

20 pies of which include alcohols such as methanol, etha- 
nol, n-propanol, isopropanol, n-butanol, 2-methoxyeth- 
anol (trade name: Methylcellosorve, Katayama Chemi- 
cal Ind.) and 2-ethoxyethanol (trade name: Cellosorve, 
Katayama Chemical Ind.), hydrocarbons such as hex- 

25 ane, cyclohexane, petroleum ether, petroleum benzene, 
ligroin, benzene, toluene and xylene, ketones such as 
acetone and methyl ethyl ketone, halogenated hydro- 
carbons such as dichloromethane, chloroform, carbon 
tetrachloride, ethylene dichloride, trichloroethylene and 

30 1,1 ,1-trichloroethane, esters such as methyl acetate es- 
ter, ethyl acetate ester and butyl acetate ester, and 
ethers such as isopropyl ether and dioxane. 
[0032] These solvents should be selected according 
to the hydrophobic organic compound and water-insol- 

35 uble polymer used, and two or more types can be used 
after suitably blending. Particularly preferable solvents 
are alcohols, and the most preferable is ethanol. 
[0033] Coating should be performed using a known 
coating apparatus, examples of which include a fluid- 

^0 jzed bed coating apparatus, centrifugal fluidized bed 
coating apparatus and pan coating apparatus. 
[0034] The drug-containing core substance as 
claimed in the present invention may be composed of 
drug only, or may be composed of a drug and various 

45 types of preparation additives normally used in this field. 
[0035] The mean particle size of the drug-containing 
core substance is within the range of 40-200 nm, and 
preferably within the range of 60-150 nm. 
[0036] There are no particular restrictions on the drug 

so provided it can be administered orally, and various ex- 
amples of such drugs are as follows: (1) antipyretics, 
analgesics and antiphlogistics (such as indometacin, 
aspirin, diclofenac sodium, ketoprofen, ibuprofen, 
mefenamic acid, azulene, phenacetin, isopropyl antipy- 

55 rine, acetaminophen, benzadac, phenylbutazone, 
flufenamic acid, sodium salicylate, salicylamide, saza- 
pyrine and etodolac), (2) steroid anti-inflammatory 
drugs (such as dexamethasone, hydrocortisone, pred- 
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nisolone and triamcinolone), (3) antiulcer drugs (such 
as ecabet sodium, enprostil, sulpiride, cetraxate hydro- 
chloride, gefarnate, irsogladine maleate, cimetidine, 
ranitidine hydrochloride, famotidine, nizatidine and rox- 
atidine acetate hydrochloride), (4) coronary vasodilators 
(such as nifedipine, isosorbide dinitrate, diltiazem hy- 
drochloride, trapidil, dipyridamole, dilazep hydrochlo- 
ride, verapamil, nicardipine, nicardipine hydrochloride 
and verapamil hydrochloride), (5) peripheral vasodila- 
tors (such as ifenprodil tartrate, cinepacide maleate, cic- 
landelate, cynnaridine and pentoxyfylline), (6) antibiot- 
ics (such as ampicillin, amoxicillin, cefalexin, erythromy- 
cin ethyl succinate, bacampicillin hydrochloride, minoc- 
ycline hydrochloride, chloramphenicol, tetracycline, 
erythromycin, ceftazidime, cefuroxime sodium, aspoxi- 
cillin and ritipenem acoxyl hydrate), (7) synthetic antimi- 
crobials (such as nalidixic acid, piromidic acid, pipemidic 
acid trihydrate, enoxacin, cinoxacin, ofloxacin, nor- 
floxacin, ciprofloxacin hydrochloride and sulfamethoxa- 
zole-trimethoprim), (8) antiviral agents (such as aciclovir 
and ganciclovir), (9) anticonvulsants (such as propan- 
theline bromide, atropine sulfate, oxitropium bromide, 
timepidium bromide, scopolamine butylbromide, tros- 
pium chloride, butropium bromide, N-methylscopo- 
lamine methylsulfate and methyloctatropine bromide), 
(10) antitussives (such as tipepidine hibenzate, methyl- 
ephedrine hydrochloride, codeine phosphate, tranilast, 
dextromethorphan hydrobromide, dimemorfan phos- 
phate, clofenadol hydrochloride, fominoben hydrochlo- 
ride, benproperine phosphate, eprazinone hydrochlo- 
ride, clofedanol hydrochloride, ephedrine hydrochlo- 
ride, noscapine, pentoxyverine citrate, oxeladin citrate 
and isoaminyl citrate), (11) expectorants (such as bro- 
mhexine hydrochloride, carbocysteine, ethyl cysteine 
hydrochloride and methylcysteine hydrochloride), (12) 
bronchodilators (such as theophylline, aminophylline, 
sodium cromoglicate, procaterol hydrochloride, trimeto- 
quinol hydrochloride, diprophylline, salbutamol sulfate, 
clorprenaline hydrochloride, formoterol fumarate, orci- 
prenaline sulfate, pirbuterol hydrochloride, hexoprena- 
line sulfate, bitolterol mesilate, clenbuterol hydrochlo- 
ride, terbutaline sulfate, mabuterol hydrochloride, fenot- 
erol hydrobromide and methoxyphenamine hydrochlo- 
ride), (13) cardiacs (such as dopamine hydrochloride, 
dobutamine hydrochloride, docarpamine, denopamine, 
caffeine, digoxin, digitoxin and ubidecarenone), (14) di- 
uretics (such as furosemide, acetazolamide, trichlorme- 
thiazide, methylclothiazide, hydrochlorothiazide, hy- 
droflumethiazide, ethiazide, cyclopenthiazide, spironol- 
actone, triamterene, florothiazide, piretanide, mefru- 
side, etacrynic acid, azosemide and clofenamide), (15) 
muscle relaxants (such as chlorphenesin carbamate, 
tolperisone hydrochloride, eperisone hydrochloride, 
tizanidine hydrochloride, mephenesine, chlorzoxazone, 
phenprobamate, methocarbamol, chlormezanone, prid- 
inol mesilate, afloqualone, baclofen and dantrolene so- 
dium), (16) cerebral metabolism ameliorants (such as 
nicergoline, meclofenoxate hydrochloride and taltire- 



line), (17) minor tranquilizers (such as oxazolam, di- 
azepam, clotiazepam, medazepam, temazepam, fludi- 
azepam, meprobamate, nitrazepam and chlordiazepox- 
ide), (18) major tranquilizers (such as sulpiride, cloc- 

s apramine hydrochloride, zotepine, chlorpromazine and 
haloperidol), (1 9) p -blockers (such as bisoprolol fuma- 
rate, pindolol, propranolol hydrochloride, carteolol hy- 
drochloride, metoprolol tartrate, labetanol hydrochlo- 
ride, acebutolol hydrochloride, bufetolol hydrochloride, 

10 alprenolol hydrochloride, arotinolol hydrochloride, ox- 
prenolol hydrochloride, nadolol, bucumolol hydrochlo- 
ride, indenolol hydrochloride, timolol maleate, befunolol 
hydrochloride and bupranolol hydrochloride), (20) an- 
tiarrthymics (such as procainamide hydrochloride, dis- 

15 opyramide phosphate, cibenzoline succinate, ajmaline, 
quinidine sulfate, aprindine hydrochloride, propafenone 
hydrochloride, mexiletine hydrochloride and ajmilide hy- 
drochloride), (21) athrifuges (such as allopurinol, probe- 
nicid, colistin, sulfinpyrazone, benzbromarone and bu- 

20 colome), (22) anticoagulants (such as ticlopidine hydro- 
chloride, dicumarol, potassium warfarin, and (2R.3R)- 
3-acetoxy-5-[2-(dimethylamino)ethyl]-2,3-dihydro- 
8-methyl-2-(4-methylphenyl)-1,5-benzothiazepine-4 
(5H)-one maleate), (23) thrombolytics (such as methyl 

25 (2E,3Z)-3-benzylidene-4-(3,5-dimethoxy- a -methyl- 
benzylidene)-N-(4-methylpiperazin-1-yl)succinamate 
hydrochloride), (24) liver disease drugs (such as (±)r- 
5-hydroxymethyl-t-7-(3,4-dimethoxyphenyl)-4-oxo- 
4,5,6,7-tetrahydrobenzo[b]furan-c-6-carboxylactone), 

30 (25) antiepileptics (such as phenytoin, sodium val- 
proate, metalbital and carbarn azepine), (26) antihista- 
mines (such as chlorpheniramine maleate, clemastine 
fumarate, mequitazine, alimemazine tartrate, cyprohep- 
tadine hydrochloride and bepotastin besilate), (27) an- 

35 tiemitics (such as difenidol hydrochloride, metoclopra- 
mide, domperidone and betahistine mesilate and trime- 
butine maleate), (28) depressors (such as dimethylami- 
noethyl reserpilinate dihydrochloride, rescinnamine, 
methyldopa, prazocin hydrochloride, bunazosin hydro- 

40 chloride, clonidine hydrochloride, budralazine, urapidil 
and N-[6-[2-[(5-bromo-2-pyrimidinyl)oxy] ethoxy]-5- 
(4-methylphenyl)-4-pyrimidinyl]-4-(2-hydroxy- 
1,1-dimethylethyl)benzene sulfonamide sodium), (29) 
hyperlipidemia agents (such as pravastatin sodium and 

45 fluvastatin sodium), (30) sympathetic nervous stimu- 
lants (such as dihydroergotamine mesilate and isopro- 
terenol hydrochloride, etilefrine hydrochloride), (31) oral 
diabetes therapeutic drugs (such as glibenclamide, tolb- 
utamide and glymidine sodium), (32) oral carcinostatics 

50 (such as marimastat), (33) alkaloid narcotics (such as 
morphine, codeine and cocaine), (34) vitamins (such as 
vitamin B1 , vitamin B2, vitamin B6, vitamin B12, vitamin 
C and folic acid), (35) thamuria therapeutic drugs (such 
as flavoxate hydrochloride, oxybutynin hydrochloride 

55 and terolidine hydrochloride), and (36) angiotensin con- 
vertase inhibitors (such as imidapril hydrochloride, enal- 
april maleate, alacepril and delapril hydrochloride). 
[0037] There are no particular restrictions on prepa- 
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ration additives used as the above core substance, and 
all such additives that can be used in the form of solid 
preparations can be used preferably. Examples of such 
additives include excipients such as lactose, sucrose, 
mannitol, xylitol, erythritol, sorbitol, maltitol, calcium ci- 
trate, calcium phosphate and crystalline cellulose, dis- 
integrating agents such as cornstarch, potato starch, so- 
dium carboxymethyl cellulose, partially pregelatinised 
starch, calcium carboxymethyl cellulose, carboxymethyl 
cellulose, lowly-substituted hydroxypropyl cellulose, 
crosslinked sodium carboxymethyl cellulose and 
crosslinked polyvinyl pyrrolidone, binders such as hy- 
droxypropyl cellulose, hydroxypropyl methyl cellulose, 
polyvinyl pyrrolidone, polyethylene glycol, dextrin and 
pregelatinised starch, lubricants such as magnesium 
stearate, calcium stearate, talc, light anhydrous silicic 
acid and hydrated silicon dioxide, surfactants such as 
phospholipids, glycerin fatty acid esters, sorbitan fatty 
acid esters, polyoxyethylene fatty acid esters, polyeth- 
ylene glycol fatty acid esters, polyoxyethylene hydro- 
genated castor oil, polyoxyethylene alkyl ether and su- 
crose fatty acid esters, fragrances such as orange and 
strawberry, colorants such as iron sesquioxide, yellow 
iron sesquioxide, yellow food dye No. 5, yellow food dye 
No. 4 and aluminum lake, sweeteners such as saccharin 
and asparteme, correctives such as citric acid, sodium 
citrate, succinic acid, tartaric acid, fumaric acid and 
glutamic acid, and solubilizers such as cyclodextrin, ar- 
ginine, lysine and tris-aminomethane. 
[0038] The drug-containing core substance can be 
prepared according to known granulation methods such 
as wet granulation and dry granulation. 
[0039] When using wet granulation, after mixing the 
drug and each preparation additive in accordance with 
conventional methods, a binder solution is added fol- 
lowed by granulation with a stirring granulating machine 
or high-speed stirring granulating machine, or after add- 
ing a binder solution to a mixture of drug and various 
preparation additives and kneading, granulation and 
grading should be performed using an extrusion granu- 
lating machine. In addition, a mixture of drug and various 
preparation additives may also be granulated by spray- 
ing a binder solution onto a fluidized bed using a fluid- 
ized bed granulator, rolling stirring fluidized bed granu- 
latorand so forth. 

[0040] When using dry granulation, a mixture of drug 
and various preparation additives should be granulated 
using a roller compacter and roll granulator, etc. 
[0041] In the sustained release particles of the 
present invention, in order to prevent interaction be- 
tween drug-containing core substance and mixed coat- 
ing component, or to adjust the drug dissolution rate, a 
layer such as a water-soluble substance, water-insolu- 
ble substance or gastrolytic substance may be provided 
between the core substance and mixed coating of hy- 
drophobic organic compound-water-insoluble polymer. 
[0042] Examples of said water-soluble substances in- 
clude water-soluble cellulose ethers such as methyl cel- 



lulose, hydroxypropyl cellulose and hydroxypropyl me- 
thyl cellulose, water-soluble polyvinyl derivatives such 
as polyvinyl pyrrolidone and polyvinyl alcohol, and 
alkylene oxide polymers such as polyethylene glycol. 
5 Examples of water-insoluble substances include water- 
insoluble cellulose ethers such as ethyl cellulose, water- 
insoluble acrylic acid copolymers such as ethyl acrylate- 
methyl methacrylate-trimethylammoniumethyl methacr- 
ylate chloride copolymer (e.g. , trade name: Eudragit RS, 
10 Rohm Pharma.) and methyl methacrylate-ethyl acrylate 
copolymer (e.g., trade name: Eudragit NE30D, Rohm 
Pharma.), and hydrogenated oil. Examples of gastrolyt- 
ic substances include gastrolytic polyvinyl derivatives 
such as polyvinyl acetal diethyl aminoacetate, and gas- 
15 trolytic acrylic acid copolymers such as methylmethacr- 
ylate-butylmethacrylate-dimethylaminoethyl methacr- 
ylate copolymer (e.g., trade name: Eudragit E, Rohm 
Pharma.). 

[0043] The sustained release particles of the present 
invention are targeted at those having a mean particle 
size of 300 u.m, those having a particle size of 50-250 
Hm are preferable, and those having a particle size of 
75-150 urn are particularly preferable. 
[0044] In the case of a person with ordinary skill in the 
art, a mixing ratio and coated amount so as to obtain the 
desired dissolution rate can be easily determined by 
preparing preparations comprised of various mixing ra- 
tios and coated amounts in order to produce the sus- 
tained release particles of the present invention. 
[0045] Although the sustained release particles of the 
present invention can be used as an orally administered 
preparation, they can also be used as raw material par- 
ticles for tablets, and after adding various additives as 
necessary, can be used to produce the tablets of the 
present invention by compression molding in accord- 
ance with conventional methods. 
[0046] The tablets of the present invention can be pro- 
duced by compression molding in accordance with con- 
ventional methods using sustained release particles 
having a mean particle size of 300 urn or less obtained 
in the manner described above. More specifically, after 
producing in advance granules for compression by mix- 
ing or kneading excipient (e.g., mannitol, crystal cellu- 
lose, lactose, sucrose, calcium phosphate or calcium ci- 
trate) and binder (e.g., polyvinyl pyrrolidone, hydroxyl- 
propyl methyl cellulose, hydroxypropyl cellulose or dex- 
trin), the tablets can be produced using, for example, a 
rotary tabletting machine. Tabletting can be preferably 
carried out under normal conditions of 1 0-50 rpm forthe 
tabletting speed. In addition, the pressure used for tab- 
letting is preferably set within the range of a convention- 
al tabletting pressure of 200-1100 kg/punch. 
[0047] The resulting compressed preparation may be 
in the form of coated tablets by sugar-coating or film- 
coating as desired. Said coating can be carried out in 
accordance with conventional methods for all types of 
coatings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] Fig. 1 is a graph showing the behavior of the 
dissolution of diltiazem hydrochloride from sustained re- 
lease particles coated with ethyl cellulose-stearic acid = 
1:1 in 2nd fluid. 

[0049] Fig. 2 is a graph showing the behavior of dis- 
solution of diltiazem hydrochloride from sustained re- 
lease particles coated with ethyl cellulose-stearic acid = 
4:1 in 2nd fluid. 

[0050] Fig. 3 is a graph showing the behavior of dis- 
solution of diltiazem hydrochloride from ethyl cellulose 
coated particles in 2nd fluid. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0051] Although the following provides a detailed ex- 
planation of the present invention using comparative ex- 
amples and examples, the present invention is not lim- 
ited to these. 

Example 1 

(1) Preparation of Core Particles 

[0052] Using a stirring granulating machine (Powrex), 
100 g of diltiazem hydrochloride, 50 g of mannitol and 
50 g of crystalline cellulose (Grade: PH-M25, Asahi 
Chemical Industry) were granulated with adding 400 g 
of an aqueous ethanol (ethanol content: 80 wt%) in 
which 4 g of hydroxypropyi cellulose (Grade: HPC-SL, 
Shin-Etsu Chemical) were dissolved. After drying, the 
particles were graded to obtain core particles having a 
mean particle size of 79 urn. 

(2) Preparation of Sustained Release Particles 

[0053] Three types of granules having different coat- 
ing amounts were obtained that were coated with ethyl 
cellulose and stearic acid by coating 1 00 g of the result- 
ing core granules with a solution in which 25 g of ethyl- 
cellulose (Grade: #1 0, Dow Chemical) and 25 g of stear- 
ic acid were dissolved in 1 000 g of ethanol using a Wur- 
ster type fluidized bed granulation coating apparatus 
(Model GPCC-1 , Glatt) so that the coating ratios on the 
core particles were 20 wt%, 30 wt% or 40 wt%. The 
mean particle size of each of these particles was 300 
jim or less. 

(3) Dissolution Test 

[0054] Dissolution tests were performed on the parti- 
cles obtained above under conditions of 37°C and pad- 
dle rotating speed of 1 00 rpm using 900 ml of the 2nd 
fluid for disintegration test of Japanese Pharmacopeia 
(JP) (pH 6.8) in accordance with the dissolution test 
(paddle method) of the 13th Revision of the JP. Those 
results are shown in Fig. 1 . 



(4) Results and Discussion 

[0055J The dissolution behavior of the above three 
types of preparations are as shown in Fig. 1 . For exam- 

5 pie, the 50% dissolution time of coated particles on 
which the coating ratio was 40 wt% was 11 .7 hours, in- 
dicating that the dissolution rate is sufficiently sup- 
pressed. Moreover, there was hardly any upper limita- 
tion of dissolution phenomenon observed. In addition, 

10 there was hardly any generation of static electricity dur- 
ing coating of the coating layer, and adhesion of the par- 
ticles to the apparatus and equipment was hardly ob- 
served at all. Moreover, there was little aggregation be- 
tween particles during coating and, for example, in the 

15 case of coated particles the coating ratio of which was 
40 wt%, the mean particle size of the resulting sustained 
release particles was 1 1 6 urn, and the distribution of par- 
ticles of 80 mesh or more was only 8.3%. 

20 Example 2 

(1) Preparation of Sustained Release Particles. 

[0056] Three types of particles coated with ethyl cel- 
25 lulose and stearic acid but having different coating 
amounts were obtained by coating core particles so that 
the coating ratios were 30 wt%, 60 wt% or 80 wt% by 
treating in the same manner as (1) and (2) of Example 
1 with the exception of using a solution in which 80 g of 
30 ethyl cellulose (Grade: #1 0, Dow Chemical) and 20 g of 
stearic acid were dissolved in 2000 g of ethanol. The 
mean particle size of each of these particles was 300 
u>m or less. 

35 (2) Results of Dissolution Test and Discussion 

[0057] The results of performing dissolution tests in 
the same manner as (3) of Example 1 are shown in Fig. 
2. For example, the 50% dissolution time in particles 

40 coated so that the coating ratio of the core particles was 
80 wt% was 9.5 hours, indicating that the dissolution 
rate was sufficiently suppressed. Moreover, the dis- 
solved amount after 24 hours was 92%, and hardly any 
upper limitation of dissolution phenomenon was ob- 

45 served. In addition, there was hardly any generation of 
static electricity during coating of the coating layer, and 
adhesion of the particles to the apparatus and equip- 
ment was hardly observed at all. 

50 Example 3 (Preparation of Tablets Containing 
Sustained Release Particles) 

[0058] 300 g of mannitol and 1 8 g of polyvinyl pyrro- 
lidone (Grade: #30, BASF) were kneaded and granulat- 
es ed using a Shinagawa mixer (Shinagawa Industries). Af- 
ter grading the resulting granulation product with a 12 
mesh and 24 mesh sieve, the granules were dried to 
obtain 30 g of granules for compression. 
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[0059] 150 g of the particles obtained in Example 1 
were mixed with 225 g of the above granules for com- 
pression, and as a result of compression at a tabletting 
speed of 25 rpm and tabletting pressure of 400 kg/punch 
using a rotary tabletting machine (Model F-9, Kikusui 
Seisakusho), tablets containing 375 mg of sustained re- 
lease particles per tablet having a diameter of 16 mm 
were obtained without the occurrence of sticking. 

Comparative Example 1 

[0060] 

(1) Three types of particles coated with ethyl cellu- 
lose but having different coating ratios were ob- 
tained by coating 100 g of core particles obtained 
in (1) of Example 1 using a Wurster-type fluidized 
bed granulation coating apparatus (Model GPCC- 
1 , Glatt) with a solution in which 200 g of ethyl cel- 
lulose (Grade: #10, Dow Chemical) were dissolved 
in 4000 g of ethanol at a coating ratio relative to the 
core particles of 30 wt%, 1 00 wt% or 1 60 wt%. 

(2) Results of Dissolution Tests and Discussion 

[0061] The results of performing dissolution tests in 
the same manner as (3) of Example 1 are as shown in 
Fig. 3. For example, the 50% dissolution time even in 
particles coated so that the coating ratio relative to the 
core particles was 1 60 wt% was 2.3 hours, thus indicat- 
ing that dissolution rate was unable to be sufficiently 
suppressed. In addition, remarkably powerful static 
electricity was generated during coating of the coating 
layer, and particles were observed to adhere to the ap- 
paratus and equipment. 

[0062] Moreover, prominent aggregation was ob- 
served between particles during coating and for exam- 
ple, in particles coated to have a coating ratio of 30 wt%, 
the mean particle size of the resulting sustained release 
particles was 137 p,m, and the distribution of particles of 
80 mesh or larger was 21 .7%. 

INDUSTRIAL APPLICABILITY 



Claims 

1 . Sustained release particles having a mean particle 
size of 300 \im comprising: a drug-containing core 

5 substance coated with mixed coating of a hydro- 
phobic organic compound-water-insoluble polymer. 

2. The sustained release particles according to claim 

1 wherein, the hydrophobic organic compound is 
10 one type or two or more types selected from the 

group consisting of higher fatty acids having 6 to 22 
carbons that may or may not have an unsaturated 
bond, higher alcohols having 6 to 22 carbons that 
may or may not have an unsaturated bond, and 
is glycerine esters of higher fatty acids having 6 to 22 
carbons that may or may not have an unsaturated 
bond; and, said water-insoluble polymer is one type 
or two or more types selected from the group con- 
sisting of water-insoluble cellulose derivatives, wa- 
ter-insoluble vinyl derivatives and water-insoluble 
acrylic polymers. 

3. The sustained release particles according to claim 

2 wherein, higher fatty acid having 6 to 22 carbon 
atoms that may or may not have an unsaturated 
bond is stearic acid, capric acid, lauric acid, myristic 
acid, palmitic acid, undecanoic acid, caproic acid, 
caprylic acid, arachidic acid, behenic acid, oleic ac- 
id, linoleic acid or linolenic acid, higher alcohol hav- 
ing 6 to 22 carbons that may or may not have an 
unsaturated bond is lauryl alcohol, myristyl alcohol, 
cetyl alcohol, stearyl alcohol or undecanol, glycerin 
ester of a higher fatty acid having 6 to 22 carbons 
that may or may not have an unsaturated bond is 
stearin, myristin, palmitin or laurin, water-soluble 
cellulose derivative is ethyl cellulose or cellulose ac- 
etate, water-insoluble vinyl derivative is polyvinyl 
acetate or polyvinyl chloride, and water-insoluble 
acrylic polymer is ethyl acrylate-methyl methacr- 
ylate-trimethylammoniumethyl methacrylate chlo- 
ride copolymer or methyl methacrylate-ethyl acr- 
ylate copolymer. 



25 
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[0063] The sustained release particles of the present 
invention are able to extremely efficiently control disso- 
lution of drug. In addition, since static electricity is not 
generated during production of the sustained release 
particles of the present invention, adherence of particles 
to the walls of the production equipment and aggrega- 
tion between particles can be prevented. Moreover, 
since there is no occurrence of sticking during produc- 
tion of tablets by forming the sustained release particles 
of the present invention into tablets, the present inven- 
tion also offers the advantage of not requiring the addi- 
tion of lubricant. 



4. The sustained release particles according to claim 
45 1 wherein, the hydrophobic organic compound is 
stearic acid, and the water-insoluble polymer is 
ethyl cellulose. 



5. The sustained release particles according to any 
so one of claims 1 to 4 wherein, the mixing ratio of hy- 
drophobic organic compound and water-insoluble 
polymer in mixed coating of the hydrophobic organ- 
ic compound-water-insoluble polymer is within the 
range of 5:95 to 95:5. 

55 

6. The sustained release particles according to any 
one of claims 1 to 5 wherein, the coating rate of 
mixed coating of the hydrophobic organic com- 
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pound-water-insoiuble polymer is within the range 
of 20 to 200 wt%. 

7. The sustained release particles according to any 
one of claims 1 to 6 that are raw material particles s 
for tablets. 

8. A preparation method of sustained release particles 
having a mean particle size of 300 u,m or less com- 
prising: spray-coating with a solution containing a 10 
hydrophobic organic compound-water-insoluble 
polymer mixture onto a drug-containing core sub- 
stance. 

9. The preparation method of sustained release parti- is 
cles according to claim 8 wherein, the hydrophobic 
organic compound is one type or two or more types 
selected from the group consisting of higher fatty 
acids having 6 to 22 carbons that may or may not 
have an unsaturated bond, higher alcohols having 20 
6 to 22 carbons that may or may not have an un- 
saturated bond, and glycerine esters of higher fatty 
acids having 6 to 22 carbons that may or may not 
have an unsaturated bond; and, said water-insolu- 
ble polymer is one type or two or more types select- 25 
ed from the group consisting of water-insoluble cel- 
lulose derivatives, water-insoluble vinyl derivatives 
and water-insoluble acrylic polymers. 

10. A preparation method of tablets comprising: spray- 30 
coating with a solution containing a hydrophobic or- 
ganic compound-water-insoluble polymer mixture 
onto a drug-containing core substance, and com- 
pression using the resulting sustained release par- 
ticles having a mean particle size of 300 urn or less. 35 

11. The preparation method of tablets according to 
claim 10 wherein, the hydrophobic organic com- 
pound is one type or two or more types selected 
from the group consisting of higher fatty acids hav- *o 
ing 6 to 22 carbons that may or may not have an 
unsaturated bond, higher alcohols having 6 to 22 
carbons that may or may not have an unsaturated 
bond, and glycerine esters of higher fatty acids hav- 
ing 6 to 22 carbons that may or may not have an 
unsaturated bond; and, said water-insoluble poly- 
mer is one type or two or more types selected from 

the group consisting of water-insotuble cellulose 
derivatives, water-insoluble vinyl derivatives and 
water-insoluble acrylic polymers. so 



55 



8 



EP 1 125 586 A1 



Fig. 1 
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Fig- 3 




0 4 8 12 16 20 24 



Dissolution time (hr) 



11 



EP1 125 586 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/05834 



A. CLASSIFICATION OF SUBJECT MATTER 

Int.Cl 7 A61K 47/08, 47/30, 3/14, 9/22 



According to International. Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 A61K 47/00 - 47/48, 9/00 - 9/72 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
STtf(CA), STH< MEDLINE) , STW(WPIt>S) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



EP, 482576, Al <Freund Industrial Co., Ltd. ) , 
29 April, 1992 (29.04.92), 
Claims/ column 3; lines 25-47 
& JP, 4-15923.7, A 

Claims; page 2 , lower right column/ line s to page 3, upper 
left column, line 5 
& TJ8 r 5480654, A 

BP, 263083, Al (Valducci Roberto), 
06 April, 1988 (06.04.88), 

Claims; column 1, lines 47-54; Examples 1,2,6-8,11 
& JP, 1-500998, Al 

Claims; page 2, lower left column, lines 13-18; 
Examples 1,2,6*6,11 
& US, 5149542/ A 

OTP, 4-3216214 A (TANABE SEIYAKU CO., LTD.), 

11 November, 1992 (11.11.92), 

Claims; examples 1, 4, 5, 9 (Family; none) 



Relevant to cbom No. 



1-11 



1-11 



1-11 



£x] Further documents arc listed in the continuation of Box C, Q Sea patent family annex. 



* Special categories of cited document?. 

A" document defining the general stats of the art which is not 

eoniidcictl to be of particular relevance 
E* earlier document but published on or after the Imemstional filing 

date 

"L" document which may thraw doubts on priority etalm(t) or which ti 
ciiad to establish the publication dale of another citation or other 
tped&l twoo (as specified) 
"O* document referring so on oral difdoevre, use, exhibition or other 



~P* documefti published prior to the iniernadonal filing dsie but Ister 
than the priority date claimed 



buer documont puWahod after the ioLciTTaJional Cling date or 
priemty date and not in conflict with the application but died to 
understand the principle or theory underlying the invemfon 
do anneal of particular relevance] the churned Invention cannot he 
considered novri or cannot be considered to Involve an inventive 
step when the document is taken abac 

document of particular relevance; the churned bvenrion annot bo 
considered to Involve an mvcotfvc step when the document U 
combined with one or more other such oocumenta. such 
combination beini obvious to a person sMIlcd in {heart 
document member of the unc patent ftmfly 



Date of the actual completion of the international search 
22 December, 1999 <22.12.99) 



Date of mailing of the international search report 
11 January, 2000 (11.01.00) 



Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 



Authorized officer 
Telephone No. 



Form PCT/JSA/210 (second sheet) (July 1 992) 



12 



EP 1 125 586 A1 



INTERNATIONAL SEARCH REPORT 



International application Ntx 

PCT/JP99/05834 



C(Continuadoa). DOCUMENTS CONSIDERED TO DE RELEVANT 



Category 



Citation of document, with indication where appropriate of tba relevant passagea 

JP, 11-171775, A (NIKKEN CHEMICALS CO., LTD.), 

29 June, 1999 (29.06.99), 

Claims; Examples 1-8 (Family: none) 



Relevant to claim No. 



1-11 



Fomi PCT/ISA/210 (continuation of second sheet) (July 1992) 



13 



